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Abstract 
 
In this paper, a three-dimensional mathematical and numerical model of the growth of the solid metal phase within a thin-walled casting, 
which take into account the pressure filling process of the mould cavity with molten metal, have been proposed. In the mathematical 
model, velocity and pressure fields were obtained by solving the momentum equations and the continuity equation, while the thermal 
fields were obtained by solving the energy equation. These equations contain the turbulent viscosity which is found from k-ε model 
parameters by solving two additional transport equations for the turbulent kinetic energy and its rate of dissipation. In the numerical 
model, coupling of the thermal and fluid flow phenomena by changes in the thermophysical parameters of alloy with respect to 
temperature has been taken into consideration. The influence of the pressure and the temperature of metal injecting on the solid phase 
growth kinetics of the pressure casting were estimated. The temperature and pressure are important to the finished product quality and may 
be used to optimize the die casting process. The problem has been solved by the finite element method. 
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1. Introduction 
 
Casting processes are widely used to produce metal 
components. Much research has been devoted toward process 
development for the production of high quality casting goods at 
low costs [1]. Pressure die casting is an efficient, economical 
process offering a broader range of shapes and components than 
any other manufacturing technique. Die casting provides complex 
shapes within closer tolerances than many other mass production 
processes. Little or no machining is required and thousands of 
identical castings can be produced before additional tooling is 
required. The casting equipment and the metal dies represent large 
capital costs and this tends to limit the process to high volume 
production. Manufacture of parts using die casting is relatively 
simple, involving only four main steps, which keeps the 
incremental cost per item low. It is especially suited for a large 
quantity of small to medium sized castings, which is why die 
casting produces more castings than any other casting process [2–
4]. From a macroscopic point of view, casting processes involve 
the coupling of solidification, heat transfer and fluid flow. Fluid 
flow analysis during the mould filling process has been studied 
vigorously in recent decades due to the advent of computer 
hardware systems. The filling of simple mould geometry has been 
previously modelled and studies for an effective filling algorithm 
have also been reported [5–9].  
The aim of the paper is to estimate, by numerical simulation 
method, the effect of molten metal motion and parameters of 
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within the pressure casting of an angle plate Tin successive stages 
of its formation.T The velocity field is obtained by solving the 
momentum and turbulent equations, whereas the thermal field is 
calculated by solving of the energy equation with a convection 
term. Coupling of the thermal and fluid flow phenomena has been 
taken into consideration by the changes in the thermophysical 
parameters of alloy with respect to the temperature. The fluid 
flow and thermal phenomena, which proceed in the considered 
metal injection system of a cold chamber pressure die casting 
machine, were analysed. The problem was solved by the finite 
element method [5-8]. 
 
 
2.  The mathematical model of molten 
metal flow in the cavity of a pressure 
mould 
 
The mathematical model of a molten metal flow in the filling 
cavity of a pressure mould has been proposed. It is based on the 
solution of the following system of differential equations [3-12]: 
- the energy equation  
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- the momentum equations  
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- the continuity equation 
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- the turbulence dynamical viscosity  
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- the equation for turbulence kinetic energy  
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- the equation for dissipation rate of turbulence kinetic energy  
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where:  T - the temperature [K], t  - time [s], λ - the thermal 
conductivity coefficient [W/(mK)], vBj
B - the velocity vector of a 
molten metal flow [m/s], ρ=ρ(T) - the density [kg/m
3], 
( ) S L S LS LS ef T T L c T C − + = / ) ( ρ ρ - the effective heat capacity of a 
mushy zone [J/(m
3K)], L - the latent heat of solidification [J/kg], 
cBLS
B - the specific heat of the mushy zone [J/(kgK)], ρBS
B,ρBL
B,ρBLS
B - the 
density of solid phase, liquid phase, and mushy zone, respectively 
[kg/m
3], p - the pressure [N/m
2], μ(T) - the dynamical viscosity 
coefficient [Ns/m
2],  gBi
B - the vector of the gravity acceleration 
[m/s
2], c   - the specific heat [J/(kgK)], μBt
B - the  turbulence 
dynamical viscosity coefficient [Ns/m
2], xBj
B - the coordinates of 
the vector of a considered node's position [m], k -  the turbulence 
kinetic energy [m
2/s
2], ε - the dissipation rate of turbulence kinetic 
energy [m
2/s
3], cBμ
B = 0.09, cB1
B = 1.44, cB2
B = 1.92, cB3
B = 0.8, σBk
B = 1, σBt
B 
= 0.9, σBε
B = 1.3, σBp
B = 0.9 - empirical constants. 
The momentum equations are closely coupled with the 
viscosity and density constitutive relations. The following simple 
serial averages are adopted in this work to approximate the 
viscosity and density at the interface between the melt metal and 
the air [12]: 
2 1 1 ) 1 ( μ μ μ f f − + =  (7) 
2 1 1 ) 1 ( ρ ρ ρ f f − + =  (8) 
where the subscripts denote the different fluids. The fractional 
volume function is defined as follows: 
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The fluid 1 is the melt metal and fluid 2 is the air. Then the 
interface is located within the cells where 0< f <1. The fractional 
volume function is governed by a transport equation: 
0 =
∂
∂
+
∂
∂
j
j x
f
v
t
f
 (10) 
This equation determines the movement of interface position. 
The system of equations (1-6) is completed with a boundary 
and initial conditions for temperature and velocity or pressure 
fields [3-8,11,12].  
 
 
3. Example of numerical calculations 
 
The calculations were performed for the angle plate with 
rectangular cross-section (0.012×0.019) and height (0.072 m). 
The numerical calculations were made for AlSi9Cu3 alloy which 
poured into a steel mould. The thermophysical properties were 
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thermal conductivity (λ) were assumed in TBL
B÷TBS
B temperature 
interval. The variability of the dynamical viscosity coefficient (μ) 
with respect to temperature was determined according to the 
exponential relationship in range 0.003–10
5 Ns/m
2.  
 
molten metal 
air 
 
 
Fig. 1.The state of die cavity filling at the time t = 0.01 s  
 
The overheated metal with temperature TBin 
B= 993 K was poured 
with velocity vBin
B  =  1.23 m/s into the pressure mould with the 
initial temperature TBM 
B= 443 K. The remaining characteristic 
temperatures were equal to: TBL 
B= 890 K, TBS 
B= 830 K and TBa 
B= 
300  K. Thermal and flow phenomena, which proceeded in the 
pressure mould cavity during the filling process were analysed. 
The influences of liquid metal movement inside the pressure 
mould on the solidification kinetics of the casting were 
determined. Examples of calculation results are shown in the form 
of the current states of the die cavity filling and velocity fields 
(fig. 1–3). 
 
 
4. Conclusions 
 
This paper presents the coupled model of the transient 
evaluation of fluid flow and heat transfer during the pressure die 
casting process. TTheT  TproblemT wasT analysed byT  Ta complex 
numericalT Tmodel. TThe changes in the thermophysical parameters,  
molten metal 
air 
 
 
Fig. 2.The state of die cavity filling at the time t = 0.05 s  
 
with respect to temperature, were taken into consideration. It was 
noted that the velocity field of a liquid phase has a significant 
influence on the temperature field and thus the formation of the 
solid phase in the die casting. The results obtained with computer 
simulation were compared with results carried out in metal 
injection pressure on the real machine. A good agreement with 
measurements and numerical calculations was obtained. 
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Fig. 3. Velocity vectors [m/s] at the time t = 0.05 s 
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Symulacja numeryczna wypełniania ciśnieniowego wnęki formy kątownika  
 
Streszczenie  
 
W pracy przedstawiono trójwymiarowy model matematyczny i numeryczny narastania fazy stałej w odlewach cienkościennych z 
uwzględnieniem procesu wypełniania ciśnieniowego ciekłym metalem wnęki formy odlewniczej. Zadanie potraktowano kompleksowo. 
Pola prędkości otrzymano z rozwiązania równań pędu i równania ciągłości przepływu, natomiast pola temperatury z rozwiązania równania 
energii. W równaniach tych występuje dynamiczna lepkość turbulentna, którą wyznaczano z dodatkowych równań modelu k-ε, tzn. 
równania kinetycznej energii turbulencji i równania szybkości dyssypacji. Uwzględniono zmianę parametrów termofizycznych od 
temperatury i od udziału fazy stałej w dwufazowej strefie przejściowej. Analizowano wpływ prędkości wtryskiwanego metalu do formy 
ciśnieniowej na kinetykę narastania fazy stałej odlewu ciśnieniowego. Wskazano na istotną rolę pola temperatury na jakość odlewu 
ciśnieniowego, bez wad odlewniczych. Problem rozwiązano metodą elementów skończonych. 
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